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f3-l,3-glucanases (also known as callases) are enzymes that hydrolyze f3-l ,3-linked 
glucans (calloses) . They are involved in various important plant physiological and 
developmental processes, such as seed germination, cell growth, plant defense against 
pathogens, environmental stresses, and flowering. In this research project I was particularly 
interested in their roles during pollen development and maturation. Premature or delayed f3-
l ,3-glucanase function in tapetal tissue is the apparent cause of male sterility in some plants. 
Genetic engineering has been used successfully to manipulate callase expression in tobacco 
and lettuce and resulted in partial to complete male sterility in the transgenic plants, while 
leaving female function unimpaired. The objective of this research was to alter callase 
expression by genetic transformation of soybean and tobacco with f3- l ,3-glucanase genes. 
To familiarize myself with the method of Agrobacterium-mediated transformation of 
soybean cotyledonary nodes, several months' training was carried out. From the training 
program, a few putative transgenic plants were obtained from soybean cultivars ' Jack' and 
'Thorne', based on GUS assay results and/or resistance to herbicide 'Liberty' . 
Down-regulation of callase expression was carried out in soybean by introducing an 
anti-sense version of a soybean flower bud specific partial f3- l ,3-glucanase gene (SGlu 7) 
driven by a tapetum-specific promoter T A-29. Due to insufficient funding, high cost and low 
efficiency of soybean transformation, this work was terminated one year later. No transgenic 
plants were recovered. Binary vector pL Y200. l generated in this research could be used as a 
generic mother vector for expressing genes in tapetal tissue. 
Blast search of SGlu7 in EST database of GenBank located two soybean f3-l,3-
glucanase genes. Sequencing results showed that one of them, A W-Glu, contained the 
complete coding sequence of the callase gene. Constructs pL Y500 and pL Y 450 were made 
by inserting AW-Glu after TA-29 in pLY200.l , with pLY500 having AW-Glu in sense 
orientation and pL Y 450 having A W-Glu in anti-sense orientation. pL Y 450 could be used to 
down-regulate callase expression in soybean. pL Y500 was subsequently introduced into 
tobacco by a leaf disk transformation method, in order to alter the timing and/or to increase 
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the amount of callase expression, which may cause male sterility. While most of the 
transgenic plants did not show the expected male sterility, one plant L YS00-9 displayed two 
distinct kinds of branches, L Y500-9AB and LY500-9N. Flowers from branches of LY500-
9AB had stigmas higher than the anthers, while flowers from branches of L Y500-9N had 
stigmas about the same height as the anthers. Compared with LY500-9AB or L Y500-9N, 
non-trangenic plants had anthers significantly taller than the stigmas. The unique floral 
characteristics made L Y500-9AB functionally male sterile. Further research is needed to 
investigate the cause of the functional male sterility in L Y500-9AB and its relation with the 
transgene A W-Glu expression. 
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Chapter 1. General Introduction 
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1.1 Introduction 
1.1.1 (3-1,3-Glucanases and normal flower development 
(3-1 ,3-glucanases (EC 3.2.1.39) are enzymes that hydrolyze (3-1,3-linked glucans. 
These glucans are also called calloses and hence {3-1 ,3-glucanases are callases. These callases 
are present in plants, bacteria, fungi , and probably in animals (Simmons, 1994). In plants 
they are found during anther and coleoptile development, pollen-tube growth, in endosperm 
cells, and in the end walls of sieve elements (Jin et al. , 1999a). They are also found in plant 
leaves and roots or induced by pathogen infection and environmental stresses (Simmons, 
1994 ). Callases are involved in various important plant physiological and developmental 
processes, such as seed germination, cell growth, plant defense against pathogens, and 
flowering (Simmons, 1994). 
Callases play a crucial role during microsporogenesis (Hird et al. , 1994). In almost all 
higher plants, a thick callose wall is synthesized between the cell membrane and the cellulose 
cell wall around microsporocytes before meiosis. As meiosis progresses, callose is also 
deposited as cell plates and this results in each of the products of meiosis, the tetrad of 
microspores, encased in callose (Worrall et al. , 1992). After the completion of meiosis, the 
callose wall surrounding the microspores is degraded by a tapetally-secreted callase, 
releasing free microspores into the anther locule (Steiglitz, 1977). The microspores continue 
their development in the locule and the mature pollen grains are released by anther 
dehiscence (Bucciaglia and Smith, 1994). 
1.1.2 (3-1,3-Glucanases and male sterility 
The timing of the callase activity 1s critical for the normal development of 
microspores. Premature or delayed callase expression in the tapetum is the apparent cause of 
male sterility in some plants. In cytoplasmic male-sterile lines of petunia, callose walls were 
degraded earlier or later than in normal plants (Izhar and Frankel, 1971 ). Lack of callase 
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activity caused the retention of the callose wall, resulting in male sterility in three mutants of 
soybean (Jin et al., 1997). 
Genetic engineering has been used successfully to alter the timing of callase activity 
during microsporogenesis. Worrall et al. ( 1992) transferred a pathogenesis-related tobacco 
vacuolar callase gene into tobacco and this resulted in the earlier appearance of callase 
activity in the tapetum of transgenic plants than in the normal plants. The transgenic plants 
were partial to completely male sterile with thin-cell-walled microspores which lacked 
sculpturing. The tapetum also showed hypertrophy. The same pathogenesis-related tobacco 
glucanase gene used by Worrall et al. ( 1992) was introduced into lettuce by Curtis et al. 
(1996) and this led to complete male sterility. The resultant pollen grains were malformed, 
with a simple amorphous surface. A pathogenesis-related soybean callase gene was 
introduced into tobacco by Tsuchiya et al. (1995) and caused significant reduction in the 
number of fertile pollen grains. Most of the pollen grains were aberrant in shape and lacked 
germinal apertures. They also found that the callose wall was almost absent around the 
tetrads of the transgenic plants, suggesting premature dissolution of the callose. These works 
demonstrated that male sterility could be achieved by manipulating the expression pattern of 
callases. 
1.1.3 Male sterility and hybrid crop production 
Mid-parent heterosis or hybrid vigor is the difference between the hybrid and the 
mean of the two parents. High-parent heterosis is the difference between the hybrid and the 
high parent. High-parent heterosis is preferred in self-pollinated crops such as soybean. 
Hybrids usually are more disease and stress resistant, and also generally have higher yield 
potential than their inbred parents. Hybrid corn is grown worldwide and it is one of the most 
successful examples, and 15% of the yield increase comes from heterosis (Duvick, 1999). In 
self-pollinated crops, hybrid rice is a good example, and has been planted widely in China 
where it was first successfully developed. 
Hybrids with a greater heterotic phenotype usually are found by crossmg two 
unrelated inbred lines. The reproductive biology of higher plants makes this task a very tough 
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one, especially in self-pollinated plants such as soybean. Several strategies have been 
developed to overcome this problem in plants (Goldberg et al., 1993), including 1) manual 
and/or mechanical elimination of stamens from the flowers of one parental line; 2) use of 
self-incompatibility alleles to prevent self-fertilization; and 3) use of dominant nuclear or 
cytoplasmic male-sterile mutants that produce aborted pollen. 
In soybean, both genie and nuclear-cytoplasmic male-sterile mutants are known 
(Palmer, 2000), but none has been used for commercial hybrid production. Heterosis of 10-
15% has been estimated (Gizlice et al. , 1993; Manjarrez-Sandoval et al. , 1997; Lewers et al. , 
1998). Male-sterile mutants in soybean could be used in testcross evaluation of germplasm, 
recurrent selection, and marker-assisted selection (Lewers and Palmer, 1997). 
Currently, the most widely used crossing method in soybean is manual crossing, but it 
is both difficult and time consuming, with very low success rate ( an experienced person can 
produce about 120 hybrid seeds per day) . However, research on the evaluation of F 1 hybrid 
seeds requires thousands of seed per parental combination. A gametocide, a-, ~-
dichloroisobutyrate (FW-450) which causes pollen abortion also has been tried (Starnes and 
Hadley, 1962), but this chemical was phytotoxic and reduced yield. Cytoplasmic male 
sterility has been reported in soybean (Davis, 1985; Sun et al., 1997). 
Ten genie recessive male-sterile, female-fertile mutants have been identified in 
soybean (Rubaihayo and Gumisiriza, 1978; Mariani et al. , 1991; Palmer et al. , 1992; Jin et 
al. , 1997, 1998; Ilarslan et al. , 1999; Palmer, 2000). Several methods such as traditional, 
dilution, and co-segregation methods have been proposed to use genie male-sterile lines to 
produce hybrid seed (Krishna Rao et al. , 1990; Lewers et al. , 1996). However, the male-
sterile traits have to be incorporated into agronomic lines that will be used as female parents 
in crossing. This is a time-consuming and labor intensive effort . It took nine years to develop 
68 soybean germplasm lines segregating for the ms6 male-sterile trait (Palmer and Lewers, 
1998). 
Compared with other male-sterile systems, Sorrells and Fritz (1982) concluded that a 
dominant male-sterile line has the following advantages: 1) identification of heterozygous 
plants is not needed; and 2) crossing of the dominant male-sterile lines with pollen donors 
always produces 50% dominant male-sterile progeny. They addressed several strategies to 
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use the dominant male-sterile trait in recurrent selection and back crossing. F2 plants from the 
fertile F 1 plants are fertile and breed true and can be directly used in breeding programs. 
Heterozygous male-sterile plants could also be used in haploid production, though half of the 
doubled progeny would be sterile (Sorrells and Fritz, 1982). Dominant male-sterile lines are 
more suitable in S1 family selection programs than recessive ones, since S1 families are 100% 
fertile in the former and 75% fertile and 25% sterile in the latter (Knapp and Cox, 1988). 
1.2 Project Objectives 
1.2.1 Primary objectives 
The first step in successful commercial hybrid soybean production is to develop a 
stable dominant male-sterile, female-fertile system. The other three steps are: a selection 
system to obtain 100% female (pod parent) plants; an efficient pollen transfer mechanism 
from the pollen parent to the pod parent; and an economical level of yield increase. 
The primary objectives of this research project were to fulfill the first step: to produce 
stable dominant male-sterile, female-fertile soybean plants by genetic engineering. To be 
more specific, my plan was to disrupt the normal callase activity during microsporogenesis of 
soybean by either down-regulating or over expression of the callase in tapetal tissues. It was 
anticipated that expressing an extra pathogen-related soybean B-1 ,3-glucanase gene PR-Glu 
(Takeuchi et al., 1990) in the soybean tapetum should result in premature dissolution of the 
callose wall around microspore tetrads. Down regulation was to be achieved by introducing 
an anti-sense version of a soybean flower-bud specific partial B-1,3-glucanase gene SG!u7 
(Jin et al., 1999a; 1999b) driven by a tapetum-specific promoter TA-29 (Seurinck et al., 
1990). It was expected that expression of an anti-sense version of the callase gene would 
suppress the expression of the endogenous callase gene in the tapetum. Therefore, the callose 
walls around the microspores would be retained and the microspores would abort . 
1.2.2 Modified objectives 
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Due to insufficient research funds, high cost, and low efficiency of soybean 
transformation, the primary objectives were modified after one year's work. 
The modified objectives were to generate male-sterile tobacco plants through genetic 
transformation with ~-1,3-glucanase gene. Since a soybean flower specific partial callase 
gene SG!u 7 had been cloned by a former student in our lab, my first goal was to acquire the 
full length SG!u 7 gene. Other specific goals were: 1) to make a construct by inserting the full 
length SG!u 7 gene into a binary vector under control of a tapetum-specific promoter; 2) to 
introduce the construct into tobacco; 3) to identify and characterize the transgenic plants; and 
4) to assess transgenic plants for male sterility. 
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Chapter 2. Acquiring the Full Length SGlu7 Gene 
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2.1 Introduction 
A partial soybean flower specific ~-1,3-glucanase gene SGlu7 was cloned (Jin et al., 
1999a; 1999b. GenBank accession number AF034112). To acquire the full length gene, 
SG!u 7 was used for blast search in the EST database of National Center for Biotechnology 
Information (NCBI). Two candidate genes for full length SG!u7 were located. One of them, 
which I designated "A W-Glu ", was found including the whole coding region of the ~-1,3-
glucanase gene. It had a 98.8% identity in DNA sequence with SGlu7. 
In an effort to group AW-Glu into known tobacco ~-1,3-glucanase classes (Jin et al, 
1999a), phylogenetic analysis was carried out. The result showed that A W-Glu is a class V 
callase. 
2.2 Materials and Methods 
2.2.1 Acquiring the {3-1,3-glucanase candidate genes 
Blast search in the EST database of National Center for Biotechnology Information 
(NCBI) was carried out using SGlu 7. 
Two cDNA clones, which I named "AW" and "BF" (containing the candidate genes 
AW-Glu and BF-Glu, respectively), were purchased from Genome Systems, Inc. (St. Louis, 
Mo) and sequenced by the DNA Sequencing and Synthesis Facility (DSSD) at Iowa State 
University (ISU). Primers used in sequencing were designed by the Vector NTI program 
( version 5. 2, InforMax Inc., Bethesda, MD.), except for the T3 and T7 primers, the T7 
promoter primer, and the SP6 universal primer. All the primers are listed in Table 1. The 
resulting cDN A sequences were aligned with SGlu 7 using GCG ( Genetics Computer Group, 
Madison, WI.) software package to determine the homology of the three genes. Multiple 
sequence alignment of A W-Glu, BF-Glu, and SG!u 7 was conducted using DN Asis for 
Windows (Hitachi Software Genetic Systems, Alameda, CA) program. Amino acid 
sequences were deduced for A W-Glu and BF-Glu using the Vector NTI program. 
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Table 1. Primers used to sequence cDNA clones AW and BF 
Primer name Primer sequence Relative position in Sequenced 
plasmid pA W* * * 
sp6end GTGGTGCAAGTGTAACAGTA Base 245 to 264 
awT7a CAGGTTCTGAAGGCCTTTGCAAAC Base 526 to 549 
awT7b TGATCCAAACACAGGCTTGC Base 1017 to 1036 
awT7c CCAAGCTATGACAAGTGC Base 1666 to 1683 
awT7d CGCTCTAGAGGATCCAAGCT Base 2020 to 2039 
awT7rc GCAGCATACTTGTCAACA Base 1874 to 1891 
T7 promoter primer* TAATACGACTCACTATAGGG Base 82 to 101 
SP6 universal primer* ATTTAGGTGACACTATAG Base 2090 to 2072 
(reverse direction) 
T3 primer* AATTAACCCTCACTAAAGGG NIA** 
T7 primer* GTAATACGACTCACTATAGGGC NIA 
bfT3a TCCCGACCAGACAAGTGTTTATAGCC NIA 
bfT7a CTTCCAGCTCTCATGTAGATGCAC NIA 
* Primers provided by the DNA Sequencing and Synthesis Facility at Iowa State University. 
** NI A: not applicable. 
*** pAW is the plasmid in whichAW-G/u was cloned. 














In an effort to group AW-Glu into known tobacco ~-1,3-glucanase classes (Jin et al., 
1999a), and compare it with a published soybean class III callase (Cheong et al., 2000), 
phylogenetic analysis was carried out. Amino acid sequences were aligned using ClustalX 
program (Version 1.81, Thompson et al., 1997) and a phylogenetic tree was constructed 
using MEBOOT program (Version 1. 0, Koichiro Tamura, 1997). 
2.3 Results and Discussion 
2.3.1 Sequence analyses of full length SGlu 7 candidate genes 
Blast search of SG!u7 in the EST database ofNCBI located two candidate genes, both 
of which were developed by the Public Soybean EST Project. I named them "AW-Glu" 
(GenBank accession number A W755498) and "BF-Glu" (GenBank Accession number 
BF071300), respectively. Alignment of published AW-Glu and BF-Glu sequences with SG!u7 
using GCG program showed that AW-Glu has 91.4% and BF-Glu has 97.3% identity with 
SG!u7, respectively. Bases 260 to 668 of AW-Glu aligned with bases 9 to 418 of SG!u7, 
indicating that the clone containing AW-Glu may contain the full length SG!u7 gene. 
The sequencing results showed that clone AW contains a 1909 bps long cDN A (Fig. 
la), with an open reading frame from bases 181 to 1674 which encodes for a protein of 498 
amino acids (Fig. lb) . While clone BF contains a 1201 bps long cDNA (Fig. 2a), with only 
partial open reading frame frofa --b,fs-es 2 to 880 which encodes for a partial protein of 293 
amino acids (Fig. 2b ). Sequence alignments reveal that the whole sequences of A W-Glu and 
BF-Glu are 99.8% identical, and each has 98.8% and 97.3% identity with SG!u7, 
respectively. The minor differences in DNA level of AW-Glu, BF-Glu and SG!u7 may be due 
to their different origins. SG!u7 was from PCR amplification of genomic DNA (Jin et al., 
1999a; 1999b ), while AW-Glu and BF-Glu were from cDNA libraries of somatic embryos 
and germinating shoots, respectively. Multiple sequence alignment of A W-Glu, BF-Glu, and 
SG!u 7 was shown in Fig. 3. 
In clone AW, AW-Glu was constructed in base vector pSportl (GenBank accession 
number D12390). The plasmid map ofpAW (AW-Glu in pSportl) is shown in Fig. 4. 
2.3.2 Phylogenetic analysis of selected f3-1,3-glucanases 
To determine the relationship of the A W-Glu with the five classes of tobacco ~-1,3-
glucanase (Jin, et al. 1999a) and one soybean class III callase (Cheong et al., 2000), amino 
acid sequences of these proteins were aligned and are shown in Fig. 5. The phylogenic tree is 
shown in Fig. 6. Tobacco class II and IV, soybean class III and tobacco class III, and A W-Glu 
and tobacco class V callases were grouped together. This result agrees with previous reports 
(Bucciagli and Smith, 1994; Cheong et al., 2000; and Jin et al., 1999a). Class V tobacco 
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callase is tapetum specific (Bucciagli and Smith, 1994). By belonging to the same group as 
class V tobacco callase, A W-Glu was assumed to be expressed in soybean anther. 
12 
Chapter 3. Vector Construction 
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3.1 Introduction 
The pnmary objectives of this research included: 1) over-expressing callase in 
soybean by introducing an extra copy or copies of a pathogenesis-related 0-1 ,3-glucanase 
gene PR-Glu driven by a tapetum specific promoter T A-29; and 2) down-regulating of 
callase expression in soybean by introducing an anti-sense version of a partial soybean 
flower-specific 0-1 ,3-glucanase gene SGlu 7 driven by the same promoter. And the modified 
objectives were to generate male-sterile tobacco plants by genetic transformation with a 
soybean 0-1 ,3-glucanase gene A W-Glu under control of TA-29. 
To achieve those goals, respective vectors were made by the following three steps. 
First intermediate vectors were built in pUC 19 background. These vectors contain the T A-29 
promoter, multiple cloning sites, and a soybean vegetative storage protein terminator 'Tvsp' 
(Fig. 7a, only T A-29 and Tvsp region is shown). Second mother vectors were built in 
pTFlOl.1 background. The mother vectors contain the TA-29, multiple cloning sites, Tvsp, a 
selectable marker gene cassette (CaMV 2 X P35S +bar+ Tvsp), and T-DNA left and right 
borders. (Fig. 7b, only T-DNA region is shown). And the last step was to build final 
constructs by placing the PR-Glu, SGlu 7, or AW-Glu in between TA-29 and Tvsp (Fig. 7c, 
only T-DNA region is shown). The purpose of putting the TA-29/gene/Tvsp cassette into 
binary vector pTF 101 .1 was to facilitate the introduction of the genes into soybean and 
tobacco by Agrobacterium-mediated transformation methods. 
3.2 Materials and Methods 
3.2.1 Materials 
Pathogenesis-related f3-l ,3-glucanase gene (PR-Glu , GenBank accession number 
M37753) from soybean was generously provided by Japanese scientist Dr. M. Yoshikawa. 
(Takeuchi et al. , 1990). The 0-1 ,3-glucanase gene they sent was an EcoR I fragment (about 
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1.2kb) in pBluescript KS phagemid (pEG488, Fig. 8). The sequence of this B-1 ,3-glucanase 
gene was confirmed by sequencing at DNA Sequencing and Synthesis Facility (DSSF) at 
Iowa State University. Tapetum-specific expression of this gene caused partial to complete 
male sterility in transgenic tobacco plants (Tsuchiya et al., 1995). In this project a similar 
approach was used in expectation of obtaining similar results. 
Flower specific soybean partial B-1,3-glucanase gene SGlu7 (GenBank accession 
number AF034112, Jin et al. , 1999a; 1999b) was cloned in the pGEM-T vector (pJW44, Fig. 
9) . One base change was detected when comparing my sequencing result with the published 
sequence (in Jin's published SGlu7 sequence, base 542 was a "C", but my sequencing result 
indicated it was a "T"). This partial gene was used in an anti-sense construct to down-
regulate callase expression. By transferring an anti-sense version of the flower-specific 
callase gene, I expected to down-regulate the expression of callase in the tapetum which 
would result in callose retention in the microspore tetrads. 
Soybean B-1,3-glucanase gene AW-Glu was constructed in clone AW (pAW, Fig. 4) 
by Public Soybean EST Project and sequenced by myself as detailed in Chapter 2. 
The tapetum-specific tobacco promoter T A-29 (around 550 bps, GenBank accession 
number X52283) was generously provided by Dr. R. Goldberg of UCLA (Seurinck et al., 
1990). It is a Noc I and EcoR V fragment in clone pEVDTK (Fig. 10) with pBluescript II KS 
as a base vector (Paul Sanders, personal communication). The sequence of the promoter was 
confirmed by sequencing at DSSF. The purpose of using this promoter was to express callase 
only in tapetal tissue. 
The soybean vegetative storage protein terminator Tvsp (Mason et al. , 1993) was 
kindly provided in pIBT210. ls plasmid by Dr. D . Kirk of Boyce Thompson Institute. This 
plasmid is supposed to have two copies of cauliflower mosaic virus (CaMV) 35S promoter 
(P35S). Sequencing results revealed it had only one 35S promoter. We denoted the new 
plasmid as pIBT210. ls (Fig. 11). 
The plant selectable marker bar gene (phosphinothricin acetyltransferase gene) driven 
by CaMV 2 X P35S and T-DNA borders were constructed in binary vector pTFl0l.1 (Fig. 
12) by former colleague Dr. Z. Zhang in Plant Transformation Facility (PTF) at ISU. 
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All the plasmid figures used in this work were generated with Vector NTI program 
(version 5.2, InforMax Inc., Bethesda, MD.). 
3.2.2 Methods 
3.2.2.1 Construct the intermediate vectors pLYl00 and pLYl00. l (TA-29 promoter, multiple 
cloning sites and Tvsp terminator) in pIBT2 l 0.1 s 
pLYl00 
The sequence of T A-29 region in pEVDTK indicated that digestion of pEVDTK with 
Hind III/ Nco I generated a 552 bps fragment, but digestion with Xho I /Nco I generated a 
573 bps fragment. Digesting pEVDTK with Hind III / Nco I produced three gel bands, with 
two close bands around 550 bps, one smaller than 573 bps and one larger. Using the 573 bps 
Xho I !Nco I fragment as a reference, I was able to determine that the band smaller than the 
573 bps band was the T A-29 promoter. This band was eluted from the 2% MetaPhor agrose 
(FMC BioProducts) gel with a Qiaquick Gel Extraction Kit according to the manufacturer's 
instruction (QIAGEN). 
pIBT210.1 s was also digested with Hind III / Nco I, treated with calf intestinal 
alkaline phosphatase (CIAP, Promega) and a 3 .2 kb band was eluted with a spin column 
(Sigma) from 1.2% agrose (high melting, Fisher Scientific) gel according to the 
manufacturer's instruction. This resulted in a vector backbone containing Tvsp . 
The promoter and the vector backbone were ligated with T4 DNA ligase (GIBCO 
BRL) and transformed E. coli DH5u according to the method published by Inoue et al. 
(1990). The successful fusion of the T A-29 and Tvsp was confirmed by sequencing. The 
resulting plasmid was pLYlOO (Fig. 13) 
pLYl00.1 
The Nco I site in pL YI 00 contains the start codon AUG, which could affect the 
expression of transferred 0-1 ,3-glucanase gene in sense construct. To avoid this, the Nco I 
site was knocked out. pLYlOO was digested with Nco I (GIBCO BRL) and single strand was 
cut off with S 1 nuclease (Promega) using a method modified (without using Exonuclease) 
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from the Promega's Easy-a-Base System. The resulting double-stranded DNA was 
circularized with T4 DNA ligase (GIBCO BRL) and transformed E. coli. as mentioned 
previously. The generated plasmid pLYl00. l (Fig.14) without Nco I site was confirmed by 
sequencmg. 
3. 2. 2. 2 Construct the mother vectors pLY200 and pLY200. l (TA-29 promoter, multiple 
cloning sites and Tvsp terminator in binary vector pTFJ0J.J) 
pLY200 
T A-29 and Tvsp were cut out of pL YlO0 with Hind III/ EcoR I and were ligated with 
the vector backbone of Hind III / EcoR I digested pTF 101 .1. The resulting plasmid was 
pL Y200 (Fig. 15) and was confirmed by sequencing. 
pLY200.1 
TA-29 and Tvsp were cut out of pLYl00. l with Hind III/ EcoR I and were ligated 
with the vector backbone of Hind III / EcoR I digested p TF 101. 1. The resulting plasmid was 
pLY200. l (Fig. 16) and was confirmed by sequencing. 
3.2.2.3 Clone the PR-Glu inpLY200.l 
PR-Glu from pEG488 was cut with Sma I / EcoR V and inserted into the vector 
backbone of Sma I digested pLY200. l. This could result in plasmid pL Y300 (sense 
orientation) and/or pL Y350 (anti-sense orientation) since it was blunt-end ligation between 
the PR-Glu and the vector backbone. I only obtained pL Y350 (Fig. 17), which was not 
suitable for up-regulating callase activity. 
3.2.2.4 Clone the SGlu7 in pLY200 and place the pLY400 in Agrobacterium tumefaciens 
SGlu 7 from pJW 44 was cut with Sac I / Nco I and inserted into the vector backbone 
of Sac I/ Nco I digested pL Y200. This resulted in plasmid pL Y400 (Fig. 18) which contains 
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the partial glucanase gene SGlu7 in anti-sense orientation. This construct was confirmed by 
sequencmg. 
After the construction of binary vector pL Y 400 in E. coli strain DH5a, pL Y 400 was 
transformed into Agrobacterium tumefaciens strain EHAl O 1 by a freeze-and-thaw method 
(Hood et al. , 1986; 1993). This resulted in construct pLY400/EHA101. 
3.2.2.5 Clone the AW-Glu in pLY200.l and place the pLY450 and pLY500 in 
Agrobacterium tumejaciens 
Plasmids pL Y500 (Fig. 20) and pL Y 450 (Fig. 19) were derived from plasmids pA W 
and pL Y200. l. pL Y500 was made by putting AW-Glu in between T A-29 and Tvsp of 
pL Y200. l in sense orientation, while pL Y 450 was in the anti-sense orientation. 
pLY200. l was linearized with Sma I (GIBCO BRL) and then was treated with CIAP 
( calf intestinal alkaline phosphatase, GIBCO BRL ). The A W-Glu was cut off from pA W with 
Sma I and Pvu II (GIBCO BRL). The linearized pL Y200. l and AW-Glu (a 2.4kb band) were 
eluted from 0.8% agrose (high melting, Fisher Scientific) gel with Genelute minus EtBr spin 
column according to the manufacturer's instruction (Sigma). The gel-eluted pL Y200. l was 
treated again with CIAP and eluted from gel again as above. The eluted A W-Glu and double-
eluted pLY200. l were used for ligation directly with T4 DNA ligase (GIBCO BRL). 
The ligation products were transformed into E. coli DH5a according to the method 
oflnoue et al. (1990). This resulted in plasmids pLY450 and pLY500. 
pL Y 450 and pL Y500 were transformed into Agrobacterium tumefaciens strain 
EHA101 by a freeeze-and-thaw method (Hood et al., 1986; 1993). The resulting constructs 
were pLY450/ EHA101 and pLY500/ EHAlOl. 
3.3 Results and Discussion 
Six plasmids pEG488 (Fig. 8), pJW44(Fig. 9), pAW (Fig. 4), pEVDTK(Fig. 10), 
pIBT210. ls (Fig. 11), and pTFlOl. l (Fig. 12) were used in vector construction. pEG488 
contains the pathogenesis-related ~-1 ,3-glucanase gene (PR-Glu) from soybean (Takeuchi et 
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al., 1990), which was used for ihe sense construct (pL Y300) to up-regulate callase 
expression. pJW 44 contains flower specific soybean partial B-1,3-glucanase gene (SG/u 7) 
(Jin et al. , 1999a), which was used in the anti-sense construct (pLY400, Fig.18) to down-
regulate callase expression. pA W contains soybean B-1,3-glucanase gene (AW-Glu , see 
Chapter 2), which was used for constructs pL Y 450 (Fig. 19) and pL Y500 (Fig. 20). pL Y500 
was used for tobacco transformation. To function in soybean and tobacco flowers, the PR-
Glu, SG!u7, and A W-Glu were fused to the tapetum-specific tobacco promoter TA-29, 
provided in pEVDTK (Seurinck et al., 1990), and terminated with soybean vegetative storage 
protein terminator Tvsp provided in pIB T2 l 0. 1 s (Mason et al., 1993). The binary vector 
backbone and plant selectable marker bar ORF of pL Y300, pL Y 400, pL Y 450, and pL Y500 
were from pTFl0l. l. 
pLYl00 (Fig. 13) was constructed to join the promoter TA-29 and the terminator 
Tvsp . pLYl00. l (Fig. 14) was derived from pLYl00 with Nco I site (containing start codon 
ATG) knocked-out to prevent incorrect translation start. TA-29 and Tvsp were cut off from 
pL Yl00 and pLYl00. l and were put into binary vector pTFl0l. l. This resulted in pL Y200 
(Fig. 15) and pLY200.l (Fig. 16), respectively. 
PR-Glu was inserted in pL Y200. l to construct the sense construct pLY300. However, 
only PR-Glu in the anti-sense direction (pL Y350, Fig.17) was obtained. This may not be 
useful in down-regulation of soybean callase expression due to PR-Glu' s low sequence 
homology with flower-specific gene SG!u7 (NCBI BLASTN version 2.2.2 program found no 
significant similarity between PR-Glu and SG!u7) . Due to the change in research objectives, I 
did not pursuit this issue any further. Another anti-sense construct pL Y 400 (Fig. 18) was 
made by inserting SG!u 7 into pL Y200. 
Plasmid pLY500 and pLY450 were derived from plasmid pAW and pLY200.l. pAW 
is a cDNA clone containing a soybean B-1,3-glucanase gene (AW-Glu) . pLY200. l is a binary 
vector for Agrobacterium-mediated transformation derived from binary vector pTFl0l. l and 
it contains a tapetum-specific promoter TA-29 and a soybean vegetative protein terminator 
Tvsp . pL Y500 (Fig.20) was made by putting A W-Glu in between T A-29 and Tvsp of 
pL Y200. l in sense orientation, while pL Y 450 (Fig.19) in anti-sense orientation. 
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pLYIO0, pLYl00. l , pLY200, pLY200. l, pLY350, pLY400, pLY450 and pLYS00 
first were constructed in E. coli strain DH5u. pL Y 400, pL Y 450 and pL YS00 also were 
introduced into Agrobacterium tumefaciens strain EHAl0l. pL Y400/EHA101 was used to 
transform soybean, while pL Y500/EHA101 was used for tobacco transformation. 
pLY450/EHA101 may also be used for anti-sense suppression of B-1 ,3-glucanase in 
soybean. 
A summary of all the plasmids used in this work is provided in Table 2. 
Table 2. Summary of constructs used or created in my research 
Name of Gene or component of interest Base vector Size of Antibiotic selection Reference Creator/ 
construct plasmid (kb) (mg/L) Sender 
pEG488 beta-1 ,3-glucanase gene pBluescript KS 4.2 Carbenicillin (100) Takeuchi et al. , 1990 Yoshikawa 
(PR-Glu) 
pJW44 beta-1 ,3-glucanase partial gene pGEM-T 3.7 Carbenicillin (100) Jin et al. , 1999a Jin 
(SGlu7) 
pEVDTK TA-29 promoter pBluescript KS 4.5 Carbenicillin ( 100) Seurinck et al. , 1990 Goldberg 
pIBT210.ls soybean vegetative storage pUC19 3.8 Carbenicillin (100) Mason et al. , 1993 Kirk 
protein terminator (Tvsp) 
pTFlOl.1 bar gene pPZP binary vector 9.2 Spectinomycin (100) PTF Quarterly Report* Zhang 
pLYl00 TA-29 and Tvsp pIBT210. ls 3.8 Carbenicillin (100) The thesis Fan 
pLYlO0.l TA-29 and Tvsp (no Nco I site) pIBT210.ls 3.8 Carbenicillin ( 100) The thesis Fan 
pLY200 TA-29, Tvsp and bar gene pTFl0l.1 10.3 Spectinomycin (100) The thesis Fan 
pLY200. l TA-29, Tvsp and bar (no Nco I) pTFl0l.1 10.3 Spectinomycin (100) The thesis Fan 
pLY350 PR-Glu (anti-sense direction) pLY200.1 11.5 Spectinomycin (100) The thesis Fan 
pLY400 SG!u7 (anti-sense direction) pLY200 11.0 Spectinomycin (100) The thesis Fan 
pAW beta-1,3-glucanase gene pSportl 6.0 Carbenicillin (100) Unpublished Soybean EST 
(AW-Glu) Prnject 
pLY450 AW-Glu (anti-sense direction) pLY200.l 12.3 Spectinomycin (100) The thesis Fan 
pLY500 AW-Glu pLY200.1 12.3 Spectinomycin (100) The thesis Fan 
* PTF : Plant Transformation Facility at Iowa State University 
All the plasmids reside in E. coli strain DH5a, except for pEG488, whose E. coli host is not known, and pAW, which resides in strain DHIOB. 




Chapter 4. Soybean Transformation 
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4.1 Introduction 
Soybean is one of a number of plant species that are recalcitrant to transformation. 
Current soybean transformation methods include Agrobacterium-mediated transformation of 
cotyledonary nodes, and particle bombardment of shoot meristems and embryogenic 
suspension culture (Meurer et al. , 1998). Both methods are technically challenging, time-
consuming, and produce transgenic soybean plants with low efficiency. 
Compared with the particle bombardment, Agrobacterium-mediated transformation of 
cotyledonary nodes is a better method since its starting materials are seeds, which are 
available year round. Since Agrobacterium-mediated transformation procedure goes through 
organogenesis, chimerism is a major problem with the method, though this can be overcome 
by careful selection in the next generation (Meurer et al. , 1998). Another problem with this 
method is that transformation can only be performed on few cultivars due to significant 
soybean genotype and Agrobacterium strain interaction. 
Particle bombardment method, on the other hand, requires maintenance of donor 
plants or long term culture (Meurer et al. , 1998). Also factors including soybean genotypes, 
types of tissue, and physical parameters of bombardment, are required to be optimized in 
order to improve efficiency of transformation (Chanprame, 1998). 
In the Plant Transformation Facility (PTF) at Iowa State University, Agrobacterium-
mediated transformation of cotyledonary nodes method is used to introduce genes into 
soybean (Zhang et al. , 1999). Several months of training are necessary before one can really 
get any transgenic soybean plants. To better prepare myself to achieve my primary project 
objectives, Dr. Zhanyuan Zhang, the former soybean group leader in PTF, designed four 
experiments for my training program, including 1) comparing the effect of gelling agents 
phytagel (Sigma) and BBL agar (Becton and Dickinson) in media on soybean regeneration; 
2) comparing effect of Agro-lite and cool white florescent (CWF) light on soybean 
regeneration; 3) comparing Glufosinate and Liberty as selective agents; and 4)comparing 
effects of different antibiotic combinations on eliminating Agrobacterium in tissue culture. 
In this chapter, I will present those four experiments and transformation of 
pLY400/EHA101 into soybean. 
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4.2 Materials and Methods 
4.2.1 Materials 
Phytagel (Sigma) and BBL agar (Becton and Dickinson). Glufosinate (Sigma) and 
herbicide "Liberty" (AgrEvo USA) . Five-days-old seedlings of soybean cultivar 'Thorne' 
and 'Jack'. Agrobacterium tumefaciens strain EHAl 05 that contains a plasmid vector 
pC3301 and Agrobacterium tumefaciens strain EHAl0l that contains a plasmid vector 
pTF102 or pLY400. 
4.2.2 Methods 
4. 2. 2.1 Comparing effect of gelling agents phytagel and BBL agar in media on soybean 
regeneration 
Soybean cultivar 'Jack' and Agrobacterium tumefaciens strain EHAl 05 that contains 
a plasmid vector pC3301 were used. When Phytagel was used as a gelling agent, I increased 
the pH to 5. 7 in the shoot induction and elongation medium. The routine soybean 
transformation procedures in PTF were followed (Zhang, et al., 1999), with some 
modifications made particularly for 'Jack' as recommended by Dr. Zhang, including using 2 
X BS minor salt during shoot induction, 1.5 X IAA and 2 X GA3 during shoot elongation. 
There were two replications with each treatment. Each treatment had about 100 cotyledon 
explants. Dr. Zhang helped me with half of the wounding work. As a selective agent, 5mg/L 
Liberty ( AgrEvo USA) were added in the 1st shoot induction medium, and 3 mg/L in the 2nd 
shoot induction and shoot elongation medium. 
4. 2. 2. 2 Comparing effect of Agro-lite and cool white florescent (CWF) light on soybean 
regeneration 
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This experiment was to compare the effect of different light sources on soybean 
transformation efficiency. Agro-lite contains more ultra-violet and ultra-red light than cool 
white florescent lights (CWF). Agro-lites were used during seed germination, co-cultivation, 
shoot induction and shoot elongation in one treatment and CWF lights were used in another. 
Except for the light source of Agrolit, the same soybean cultivar, same construct and same 
culture medium were used as in 4.2.2.1. 
4.2.2.3 Comparing Glufosinate and Liberty as selective agents 
Glufosinate (Sigma) was used in one treatment and herbicide "Liberty" (AgrEvo 
USA) was used in another as the selective agents in the medium. Except for the selective 
agents, the same soybean cultivar, same construct and same culture medium were used as in 
4.2.2.1. Five mg/L Liberty or Glufosinate were added in the 1st shoot induction medium, and 
3mg/L in the 2nd shoot induction and shoot elongation medium. 
4.2.2.4 Comparing effects of different antibiotic combinations on eliminating 
Agrobacterium in tissue culture medium 
Table 3. Four antibiotic treatments 
Treatment Cefotaxime Ticarcillin Vancomycin Moxalactam Cost ($/liter of 
(mg/L) (mg/L) (mg/L) (mg/L) 
l** 100 500 
2 50 50 50 
3 50 25 
4*** 50 25 
* Based on the purchase pnce oflowa State University Veterinary School except Moxalactan (Sigma). 
** The antibiotic combination we used in the Jab. 






The purpose of this experiment was to test if we could use cheaper antibiotics to 
substitute for those we were using in the lab (treatment 1). Soybean cultivar 'Thorne' and 
Agrobacterium tumefaciens strain EHAIOl with vector pTF102 were used in this experiment 
25 
with three replications. Four treatments involving different antibiotic combinations were used 
(Table 3). 
4. 2.2.5 Genetic transformation of soybean with pLY400/EHAJ0J 
pLY400/EHA101 was introduced into soybean cultivar 'Thorne' via the 
Agrobacterium-mediated cotyledonary node transformation system established in the Plant 
Transformation Facility (Zhang et al. , 1999). A total of 884 explants were inoculated. The 
transformed explants should be resistant to herbicide "Liberty" (AgrEvo USA) or chemical 
"Glufosinate" (Sigma) because the Bar gene in the construct conferred resistance to these two 
chemicals. One leaf per putative transformed soybean plant (2 weeks after transferred to 
greenhouse) was painted with "Liberty" (100mg/L) on mid-ribs to determine if the 
transformation was successful. The leaf-paint was performed a second time 10 days after the 
first paint. 
4.3 Results and Discussion 
4.3.1 Comparing effect of gelling agents phytagel and BBL agar in media on soybean 
regeneration 
Phytagel (Sigma) is about 8 times cheaper than BBL agar (Becton and Dickinson) 
because the unit price of Phytagel is about 1. 8 times lower than that of the BBL agar, and 
also we use more BBL agar (usually 8g/L) than Phytagel (2.5g/L) in the medium. This 
experiment sought the possibility of substituting Phytagel for BBL agar. However no plant 
was regenerated from the experiment, therefore no conclusions can be drawn from it. 
4.3.2 Comparing effect of Agro-lite and cool white florescent (CWF) light on soybean 
regeneration 
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According to Dr. Zhang's experience, lights that contain more ultra-violet and infra-
red light are beneficial to soybean transformation. This experiment was to compare the effect 
of different light sources on soybean transformation efficiency. Agro-lite contains more ultra-
violet and ultra-red light than CWF, which we routinely use in the lab. 
One experiment with two replications was carried out to compare the effect of 
different light sources on soybean transformation efficiency. This experiment didn't show 
that Agro-lite improved soybean transformation efficiency according to the tissue culture 
performance of explants after 2nd shoot initiation. I did recover 4 putative transgenic plants 
(Table 4) from the Agro-lite treatment (replication 2). These four plants might be derived 
from the same explant since I didn't keep good track of their source of origin. 
Table 4. Putative transgenic plants recovered from the Agro-lite treatment 
Construct Cultivar Strain plant ID # pod # seed GUS Leaf-paint Remark 
pC3301 Jack EHA105 4-AL-4 65 137 + + 
pC3301 Jack EHA105 4-AL-7 63 135 + + wrinkled seed 
pC3301 Jack EHA105 4-AL-9 43 92 + + 
pC3301 Jack EHA105 4-AL-10 71 149 + + wrinkled seed 
4.3.3 Comparing Glufosinate and Liberty as selective agents 
Glufosinate (Sigma) is the active ingredient of herbicide "Liberty" (AgrEvo USA). It 
is assumed that glufosinate is a better selective agent than "Liberty", since in addition to 
glufosinate, "Liberty" contains surfactants and other ingredients that might interfere with its 
selection efficiency. 
One experiment with two replications was carried out to compare the selection 
efficiency of glufosinate and Liberty, and no conclusion can be made however. Four putative 
transgenic plants (Table 5) were recovered from the glufosinate treatment (replication 2). 
These four plants might be derived from the same explant since I didn't keep good track of 
their source of origin. 
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Table 5. Putative transgenic plants using glufosinate as selective agent in culture media (Rep. 2) 
Construct ID Cultivar Strain plant ID # pod # seed GUS Leaf-paint Remark 
PC3301 Jack EHA105 6-G-l NID** 69 NIT* NIT some wrinkled seed 
PC3301 Jack EHA105 6-G-2 NID 135 NIT NIT 
PC3301 Jack EHA105 6-G-8 NID N/D NIT NIT 
PC3301 Jack EHA105 6-G-11 NID NID NIT NIT 
* NIT: not tested;** N/D: no data. 
Table 6. Progeny analysis of plant 6-G-1 
Progeny ID Date of planting GUS assay Liberty leaf-paint Remark 
6-G-1-1 514100 + + 
6-G-1-2 514100 + + 
6-G-1-3 514100 - + 
6-G-1-4 514100 - + 
6-G-1-5 514100 no germination 
6-G-1-6 514100 + + 
6-G-1-7 514100 - -
6-G-1-8 514100 - -
6-G-1-9 514100 - + 
6-G-1-10 514100 + + 
6-G-1-11 514100 - -
6-G-1-12 514100 no gennination 
6-G-1-13 514100 + + 
6-G-1-14 514100 + + 
6-G-1-15 514100 - + 
6-G-1-16 514100 - -
Sixteen progeny seeds from one putative transgenic plant 6-G- l were planted. 
Fourteen seeds germinated. The segregation ratio for herbicide resistance was 10:4 (resistant 
: susceptible) and for GUS gene was 6:8 (positive : negative) (Table 6) . Ten plants exhibited 
consistency with response to GUS and leaf-paint assay. Four plants were leaf-paint positive, 
but didn't express the GUS gene. Reasons for this kind of situation were not known. 
4.3.4 Comparing effects of different antibiotic combinations on eliminating 
Agrobacterium in tissue culture medium 
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After co-cultivation procedure, Agrobacterium must be eliminated in the culture 
medium in order to achieve good plant tissue growth. How to effectively as well as 
economically kill Agrobacterium is one of the major concerns for researchers using the 
Agrobacterium-mediated transformation system. 
Based on reports by Shackelford and Chlan (1996) and Hammerschlag et al (1997), 
Dr. Zhang designed this experiment (Table 3). The purpose was to test if we could use 
cheaper antibiotics to substitute for those we were using in the lab (treatment 1 ). 
One experiment with three replications was carried out to compare different antibiotic 
combinations. No conclusion can be made. Three putative transgenic plants (Table 7) were 
recovered from treatment 2 (50mg/L of cefotaxime, ticarcillin and vancomycin, respectively. 
Replication 2). These three plants might be derived from the same explant since I didn't keep 
good track of their source of origin. 
Table7. Putative transgenic plants using 50mg/L of cefotaxime, ticarcillin and vancomycin (Rep. 2) 
Construct ID Cultivar Strain plant ID # pod # seed GUS Leaf-paint Remark 
pTF102 Thorne EHAlOl 10-T2-2 NID** NID + NIT* some wrinkled seeds 
pTF102 Thorne EHAlOl 10-T2-6 NID NID + NIT 
pTF102 Thorne EHAlOl 10-T2-7 NID NID + NIT 
" NIT: not tested; ** N/D: no data. 
4.3.5 Genetic Transformation of Soybean with pLY 400/EHAl0l 
Four plants were regenerated from the soybean transformation experiments. They 
were LY 400-2-1, LY 400-2-2A, LY 400-2-2B and LY 400-2-3 . LY 400-2-2A and LY 400-2-2B 
were from the same explant. LY 400-2-1 and LY 400-2-2B failed to grow roots. LY 400-2-2A 
and LY 400-2-3 were not resistant to "Liberty". Therefore the soybean transformation was 
not successful and this work was not continued due to the change in research objectives. 
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Chapter 5. Tobacco Transformation 
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5.1 Introduction 
Genetic transformation has been used successfully to alter the timing of callase 
activity during microsporogenesis of tobacco. Worrall et al. (1992) transferred a 
pathogenesis-related tobacco vacuolar callase gene into tobacco and this resulted in the 
earlier appearance of callase activity in the tapetum of the transgenic plants than in the 
normal plants. The transgenic plants were partial to completely male sterile with thin-cell-
walled microspores which lacked sculpturing. The tapetum also showed hypertrophy. A 
pathogenesis-related soybean callase gene was introduced into tobacco by Tsuchiya et al. 
( 1995) and caused significant reduction in the number of fertile pollen grains. Most of the 
pollen grains were aberrant in shape and lacked germinal apertures. They also found that the 
callose wall was almost absent around the tetrads of the transgenic plants, suggesting 
premature dissolution of the callose. These works demonstrated that male- sterile tobbaco 
could be produced by manipulating the expression pattern of callases. 
In this research, the soybean callase gene A W-Glu presented m Chapter 2 was 
introduced into tobacco tapetum using the construct pLY500/EHA101 listed in Chapter 3, in 
expectation of obtaining similar results as the previous researchers (Worrall et al., 1992; 
Tsuchiya et al. 1995). 
5.2 Materials and Methods 
5.2.1 Materials 
Fresh leaves of tobacco (Nicotiana ta,bacum) cultivar 'Petit Havanna' SRI. 
Agrobacterium tumefaciens strain EHAl0l that contains a plasmid vector pLY500. 
5.2.2 Methods 
5.2.2.1 Transformation of tobacco with pLY500/EHAJ0J 
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-- ---- - ___ pL Y500/ EHAl0Lwas introduced into tobacco (Nicotiana tabacum) 'Petit Ravanna ' 
SRI by a leaf disk transformation method (Horsch et al., 1985). For selection of putative 
transgenic tissues, 3mg/L of glufosinate (Sigma) was used in the medium during shoot 
initiation and rooting. Regenerated plants were grown in the greenhouse ( 15 hrs light, 9 hrs 
dark). 
5. 2. 2. 2 Analysis of putative transgenic plants 
Cytological examination to assess male sterility Both dehisced and non-dehisced 
anthers ( one day before dehiscence) of putative transgenic plants and untransformed control 
plants were placed in 70% ethanol and squashed in iodine-potassium iodide (b/KI) (Jensen, 
1962) to detect starch grains. The preparations were observed under a light microscope 
(Tsuchiya et al. , 1995). 
Using seed set to assess male sterility Plants were allowed to set seeds naturally. 
One to two inflorescences also were bagged to ensure self-pollination, though tobacco is a 
highly self-pollinated species (Wernsman and Matzinger, 1980; Poehlman, 1959). 
Floral characteristics All the plants appeared normal, except one plant L Y500-9, 
which had two different kinds of branches in terms of floral characteristics. About 3 cm 
above the ground, two branches (L Y500-AB and L Y500-N) were derived from the main 
stem. All flowers on branches from LY500-9AB had the stigmas at a higher position than the 
anthers, while flowers on branches from LY500-9N mostly had the stigmas about the same 
height as the anthers. One-day-old flowers were collected from L Y500-9AB, L Y500-9N, and 
non-transgenic plants (WT) and preserved in FAA (5ml formalin, 5ml glacial acetic acid, and 
90ml of 70% ethyl alcohol) . Corolla length of the preserved flowers was measured. The 
distance between the tallest anther and stigma also was measured using a ruler with the aid of 
a dissecting microscope. One-day-old fresh flowers also were collected for photography with 
a light microscope. Anthers of L Y500-9AB had significantly less pollen grains than WT and 
L YS00-9N anthers based on visual observation. 
Southern blot to confirm integration of transgene A W-Glu Genomic DNA was 
prepared from fresh leaf tissue of putative transgenic and non-transgenic control plants using 
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the CT AB method (Plant Transformation Workshop at ISU, Spring 2000) . Leaves from both 
L Y500-9AB and L Y500-9N were used for DNA extraction. Ten micrograms of genomic 
DNA per sample were digested with EcoR I restriction enzyme for 22 hrs and separated on a 
0.8% agarose gel (high melting, Fisher Scientific). DNA gel transfer and hybridization 
(Sambrook et al. , 1989) were conducted using a 2kb 32P-labelled A W-Glu fragment from 
EcoR I !Pvu II digestion ofpAW. 
Cross-pollination between LY500-9AB and non-transgenic plants Cross-
pollination was performed between LY500-9AB and non-transgenic plants based on the 
method of Wernsman and Matzinger (1980). 
5.2.2.3 Vegetative propagation of LY500-9AB, LY500-9N, and control plants 
Since L Y500-9AB set only a few self-pollinated seeds, vegetative propagation was 
carried out, along with L Y500-9N, and non-transgenic control plants. The protocol for leaf 
sterilization and shoot induction were given by Dr. Anjan Banerjee, a PostDoc in PTF. 
Detailed procedures are: 
1. Collect young leaves. 
2. Wash leaves gently with tap water in IL flask. 
3. Wash 3-4 times with detergent ( 1-2 drops of soap). 
4. Wash the leaves with tap water again to remove traces of soil. 
5. Wash the leaves with a solution of 10% laundry bleach containing 0.1% 
Tween-20 (2-3 drops per 500ml). Place a stir bar in the container and stir 15 
mm. 
6. Transfer leaves to sterilized flask. 
7. Rinse the leaves 4 times with sterile water. 
8. Blot excess water with filter paper. 
9. Cut the leaves into small square pieces. 
10. Place 5 pieces/petri-dish containing shoot induction medium. 
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The recipe for shoot induction medium is listed in Table 8. Procedures after shoot 
induction were the same as with the production of transgenic plants. Three mg/L of 
glufosinate were used in the shoot induction and rooting medium for L Y500-9AB and 
L Y500-9N. Floral characteristics were observed once the plants started to flower. 
Table 8. Shoot induction medium for tobacco leaf disk 
500 ml IL 2L 3L Final cone. 
MS major ( lOX) 50 ml 100 ml 200 ml 300 ml IX 
MS minor (l00X) 5 ml 10 ml 20 ml 30 ml IX 
Fe-EDT A stock (l00x) 5 ml 10 ml 20 ml 30 ml IX 
B5 vitamin ( 1 00X) 5 ml 10 ml 20 ml 30 ml IX 
Sucrose 15 g 30 g 60 g 90 g 3% 
BAP (lmg/iiil) - 0:5 mi ·1 mi "' ___ , 3 ml lmg/....,T i L llll 
NAA (lmg/ml) 0.05 ml 0.1 ml 0.2 ml 0.3 ml 0.lmg/L 
BBL agar 4g 8g 16 g 24 g 0.8% 
Adjust pH to 5.8. Add vitamin, BAP, and NAA after the medium cools down. 
5.3 Results and Discussion 
5.3.1 Tobacco transformation with pLY500/EHA101 
In order to alter the endogenous callase gene expression in tabocco flower, a soybean 
callase gene AW-Glu (in pL YS00) driven by a tapetum specific promoter TA-29 was 
introduced into tobacco by a leaf disk method. Forty-eight tobacco plants which were 
resistant to 3mg/L glufosinate were regenerated from the transformation experiment. 
5.3.2 Analysis of transgenic plants 
Cytological examination to assess male sterility Following Tsuchiya et al. (1995), 
I first collected dehisced anthers and found that all the pollen grains, including those from the 
non-transgenic control plants, did not stain for starch, while pollen grains from about-to-
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dehisce anthers stained varied from non-staining to complete staining. This was inconsistent 
with the study of Tsuchiya et al. (1995), where they judged whether or not a plant was sterile 
or fertile by starch staining of the dehisced pollen grains with h/KI. 
Baker and Baker (1983) reported that Nicotiana dehisced pollen was starchless, yet 
earlier binucleate pollen contains starch (Sangwan and Sangwan-Norreel, 1987; Tupy et al. , 
1983). Though stages of pollen development and chemical deposition are related with flower 
bud length (Tupy et al. , 1983 ; Schrauwen et al. , 1990), it was hard to use starch deposition 
pattern to access male sterility with certainty since tobacco has such a narrow time range 
from starch deposition to starch degradation. It is not certain how Tsuchiya et al. (1995) 
assessed male sterility with starch pattern. It might be possible that the Japanese tobacco 
deposited starch differently due to the country' s unique environmental conditions (Baker and 
Baker, 1979). 
Table 9. Comparison of corolla length and distance between top anther and stigma of 
transgenic tobaccos L Y500-9AB, LY500-9N, and WT tobacco plants 
Treatment Replication Corolla length (mm) Distance between stigma and 
anther (mm) 
Mean SD Mean SD 
WT 9 47.89 1.45 4.43 0.93 
LY500-9AB 13 41.92 2.18 -2.02* 0.81 
LY500-9N 17 43.41 1.28 0.79 0.88 
* Negative value indicates that stigma is taller than anther. 
Floral characteristics Based on visual observation, all the plants appeared normal, 
except one plant, LY500-9, which had two different kinds of branches. Three centimeters 
above the ground, two branches, LY500-9AB and LY500-9N, were derived from the main 
stem. All flowers on branches from L Y500-9AB had the stigmas at a higher position than the 
anthers. Among 47 flowers on branches from LY500-9N, 55 .3% had the stigmas about the 
same height as the anthers, 2 7. 7% had the stigmas lower than the anthers and 1 7. 0% had the 
stigmas taller than the anthers (Figs. 21-26) . Table 9 listed the distances between the anther 
and stigma and negative value indicates that the stigma is taller than the anther. The 
differences of anther-stigma distance were significant at 0.05 level among L Y500-9AB, 
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L Y500-9N, and WT. The corolla lengths also were significantly different at 0.05 level where 
L Y500-9N had a length between LY500-9AB and WT (Table 9; Fig. 26). LY-500-9AB also 
had fewer pollen grains compared with WT and L Y500-9N (Figs. 21-25) . The abnormal 
anther position of L Y500-9AB made these branches functionally male sterile. Zero to a few 
self-pollinated seeds occurred in pods on these branches, while L Y500-9N set self-pollinated 
seeds normally. 
Southern blot to confirm integration of transgene A W-Glu Results of southern 
blots were not satisfactory, though one can still tell most of the regenerated plants have AW-
Glu integrated into their chromosomes. Further work is needed to confirm all the transgenic 
events among the 48 regenerated plants. Part of the southern blot result is shown in Fig. 27 . 
L Y500-9AB and L Y500-9N have similar southern blot patterns and both contain multi-
copies of the trangene AW-Glu. 
Using seed set to assess male sterility Measuring seed set has been regarded as 
one of the better method to assess pollen viability (Shivanna and Johri, 1989). All plants set 
seeds, including these inflorescences that were bagged, though L Y500-9AB set only O to a 
few self pollinated seeds per pod due to its functional male sterility. These results and the 
results from cross-pollinations between L Y500-9AB and non-transgenic plants indicate that 
all 48 plants are male and female fertile . 
Cross-pollination between L Y500-9AB and non-transgenic plants Cross-
pollinations were made between LY500-9AB and non-transgenic plants. Seven crosses were 
made using L Y500-9AB as female parent and a non-transgenic plant as male parent. One 
cross was made using a non-transgenic plant as female and LY500-9AB as male parent. All 
the crossings resulted in seed set, indicating that L Y500-9AB was both male and female 
fertile . 
5.3.3 Vegetative propagation of LY 500-9 AB, LY 500-9N, and control plants 
Thirteen, thirteen, and five plants, respectively, were recovered from the vegetative 
propagation of L Y500-9AB, L Y500-9N, and control plants. Leaf disks of L Y500-9AB and 
LY500-9N grew shoots and roots in the medium containing 3 mg/L glufosinate. This 
36 
indicated that they were transgenic plants with a functional bar gene. Seven, seven and four 
plants from LY500-9AB, LY500-9N, and control, respectively, are now flowering. All the 
plants have the same floral characteristics as their original tissue-culture donor plants. These 
plants could be used for further analysis. 
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Chapter 6. General Conclusion 
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6.1 General Conclusion 
To familiarize myself with the method of Agrobacterium-mediated transformation of 
soybean cotyledonary nodes, several months' training was carried out. From the training 
program, a few putative transgenic plants were obtained from soybean cultivars 'Jack' and 
'Thome', based on GUS assay results and/or resistance to herbicide 'Liberty' . 
An anti-sense approach was explored briefly trying to down regulate soybean B-1,3-
glucanase gene expression without success. This attempt was not pursued further due to 
modification of research objectives caused by lack of research funding and high cost and low 
efficiency of soybean transformation. Binary vector pL Y200. l ( containing a TA-29 
promoter, multiple cloning sites and a Tvsp terminator) constructed in this research could be 
used as a generic mother vector for expressing genes in tapetum. 
A soybean B-1,3-glucanase gene A W-Glu was found in EST database of GenBank. 
Sequencing results indicated that it contains the whole coding sequence of B-1,3-glucanase 
gene. AW-Glu was constructed in binary vector pLY200. l under control of a tapetum specific 
promoter TA-29. This resulted in construct pL Y500 with AW-Glu in sense direction and 
pL Y 450 with A W-Glu in anti-sense direction. pL Y 450 could be applied to down-regulate 
callase expression in soybean. In this research pL Y500 was used to up-regulate tobacco B-
1,3-glucanase gene expression. Expected male sterility was not achieved except for one 
putative plant, which showed some functional male sterility. Further investigation is needed 
to clarify the cause of this male sterility and its relation with the transgene A W-Glu 
expression. 
6.2 Future Research 
Experiment is now underway to study the herbicide resistant gene (Bar) segregation 
patterns of R1 generation of self-pollinated L Y500-9AB and L Y500-9N, and cross-
pollination between L Y500-9AB and the non-transgenic plants. The segregation and 
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inheritance of the functional male-sterility trait and the trait of producing less pollen grains of 
LY500-9AB will also be investigated. 
Another study will be the floral development of vegetatively propagated L Y500-9AB 
in order to understand the cause of its producing fewer pollen grains. Northern blots will also 
be carried out to explore the relationship between the abnormal traits of LY500-9AB and the 




1 gtagacagag agaagcagag aagagagaca attgccgtca ctttctgaac 
51 attggaacgt taggttaatg ggttgggttc ggtgaaacac caacctttcc 
101 caagccaagt ttcacttcac aactcctcaa cacaagaact aaagtagtag 
151 tagtagcttc acttcactca caacacagca atgcccactg gcttctctct 
201 catctttgcg gcatcacttt tccttttgct tctcgattgt tgctctggga 
251 gttttgttgg ggtctgctat ggaagaagtg ctgatgacct ccctacacct 
301 gacaaggtgg cacagttggt tcaacttcat aaaatcaaat atgtcaggat 
351 ttatgattct aatatacagg ttctgaaggc ctttgcaaac actggaattg 
401 agcttatgat tggggttcca aattcggact tgctttcatt ctctcagttc 
451 caatctaatg cagactcttg gctgaaaaac agcgtgcttc cttactatcc 
501 ggctacaaag atcgcataca tcactgtcgg cgccgaagtc actgagagtc 
551 ctaacaatgc atcttcattt gtagtgcctg ccatgaccaa tgtgcttaca 
601 gcactcaaga aacttgggct gcacaaaaag attaaagttt ccagcaccca 
651 ttcccttggg gttttgtcgc gatccttccc gccttctgct ggggctttca 
701 atagcagcca tgcacatttc ctgaagccaa tgctagaatt tcttgctgaa 
751 aatcagtcac cttttatgat tgatatatat ccttattatg cctaccgtga 
801 ttcccggagt aaagtgtctt tagactatgc cctgtttgat gcatcctctg 
851 aagtaattga tccaaacaca ggcttgctgt acacaaacat gtttgatgcc 
901 cagattgatg ctatttactt tgcactgatg gccttgaact tcagaacaat 
951 taaggtcatg gtcactgaga caggttggcc ttccaaaggg tctcctaagg 
1001 agactgctgc aactcctgat aatgcacaaa catataatac taatctgata 
1051 aggcatgtta tcaacaacac tggtactcct gcaaagcctg gagaggagct 
1101 agatgtttat attttctcgt tgttcaatga aaataggaag cctggtttgg 
1151 aatctgagag gaactgggga ttattttatc ccgaccagac aagtgtttat 
1201 agcctagatt tcactggacg gggtgcagtt gatatgacca ctgaggcaaa 
Fig. la. DNA sequence of a soybean f}-1,3-glucanase geneAW-G/u 
(start codon and stop codon are in bold and underlined) 
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1251 tataaccaag tcaaatggaa ccacatggtg cattgcttcg agtaaggcct 
1301 cacaaattga cttgcagaat gccatagatt gggcctgtgg tcctggcaac 
1351 gtggactgta cagctatcca gcctagccag ccttgttttg agccagataa 
1401 cctagcttca catgcatctt ttgcgtttaa tagctattac cagcaaaatg 
1451 gggcttctga tgttgcgtgc agttttggag gaacaggtgt aaaagttgat 
1501 aaggatccaa gctatgacaa gtgcatctac atgagagctg gaagtaataa 
1551 aactgtgaca agcaatacaa cagcaatgtc cacttcatcc tcttcactga 
1601 atggaaattc ttcgtcaatt tttacttttc ttcttgtaac ttgtctcttt 
1651 gctctaatgc atattcaacg atactgacaa gattgattgt tgaaattgca 
1701 gcatgatttt gctttgttga caagtatgct gcgtttgaaa tgaaaaaaaa 
1751 aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 
1801 aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 
1851 aaagggcggc cgctctagag gatccaagct tacgtacgcg tgcatgcgac 
1901 gtcatagtc 
Fig. la. (continued) 
1 mptgfslifa aslflllldc csgsfvgvcy grsaddlptp dkvaqlvqlh 
51 kikyvriyds niqvlkafan tgielmigvp nsdllsfsqf qsnadswlkn 
101 svlpyypatk iayitvgaev tespnnassf vvpamtnvlt alkklglhkk 
151 ikvssthslg vlsrsfppsa gafnsshahf lkpmleflae nqspfmidiy 
201 pyyayrdsrs kvsldyalfd assevidpnt gllytnmfda qidaiyfalm 
251 alnfrtikvm vtetgwpskg spketaatpd naqtyntnli rhvinntgtp 
301 akpgeeldvy ifslfnenrk pglesernwg lfypdqtsvy sldftgrgav 
351 dmtteanitk sngttwcias skasqidlqn aidwacgpgn vdctaiqpsq 
401 pcfepdnlas hasfafnsyy qqngasdvac sfggtgvkvd kdpsydkciy 
451 mragsnktvt snttamstss sslngnsssi ftfllvtclf almhiqry 



























gcgtgattcc cggagtaaag tgtctttaga ctatgccctg tttgatgcat 
cctctgaagt aattgatcca aacacaggct tgctgtacac aaacatgttt 
gatgcccaga ttgatgctat ttactttgca ctgatggcct tgaacttcag 
aacaattaag gtcatggtca ctgagacagg ttggccttcc aaagggtctc 
ctaaggagac tgctgcaact cctgataatg cacaaacata taatactaat 
ctgataaggc atgttatcaa caacactggt actcctgcaa agcctggaga 
ggagctagat gtttatattt tctcgttgtt caatgaaaat aggaagcctg 
gtttggaatc tgagagaaac tggggattat tttatcccga ccagacaagt 
gtttatagcc tagatttcac tggacggggt gcagttgata tgaccactga 
ggcaaatata accaagtcaa atggaaccac atggtgcatt gcttcgagta 
aggcctcaca aattgacttg cagaatgcca tagattgggc ctgtggtcct 
ggcaacgtgg actgtacagc tatccagcct agccagcctt gttttgagcc 
agataaccta gcttcacatg catcttttgc gtttaatagc tattaccagc 
aaaatggggc ttctgatgtt gcgtgcagtt ttggaggaac aggtgtaaaa 
gttgataagg atccaagcta tgacaagtgc atctacatga gagctggaag 
taataaaact gtgacaagca atacaacagc aatgtccact tcatcctctt 
cactgaatgg aaattcttcg tcaattttta cttttcttct tgtaacttgt 
ctctttgctc taatgcatat tcaacgatac tgacaagatt gattgttgaa 
attgcagcat gattttgctt tgttgacaag tatgctgcgt ttgaaatgca 
tggggaaggt aatgatttag tggagagctt tcatatgctc tatgctatgc 
atcagaaaag tgtaaactcc gttgctgtta tataagaatt gttttttcca 
ctgcattaga gcaatgatag gccaaaactc tgtggtacta gttttgtgtg 
tcaagtgata aaagaaaaca gcatgcaaag ataattggac ttgtcatcga 
taatttattt aactatgcat gtgttgctgc aaaaaaaaaa aaaaaaaaaa 
a 
Fig. 2a. DNA sequence of a partial soybean ~-1,3-glucanase gene BF-Glu 











rdsrskvsld yalfdassev idpntgllyt nmfdaqidai yfalmalnfr 
tikvmvtetg wpskgspket aatpdnaqty ntnlirhvin ntgtpakpge 
eldvyifslf nenrkpgles ernwglfypd qtsvysldft grgavdmtte 
anitksngtt wciasskasq idlqnaidwa cgpgnvdcta iqpsqpcfep 
dnlashasfa fnsyyqqnga sdvacsfggt gvkvdkdpsy dkciymrags 
nktvtsntta mstsssslng nsssiftfll vtclfalmhi qry 
Fig. 2b. Amino acid sequence of a partial soybean ~-1,3-glucanase gene BF-Glu 
10 20 30 40 50 
1 ---------- ---------- ---------- ---------- ----------
1 
1---------
AGAAGCAGAG AAGAGAGACA ATTGCCGTCA CTTTCTGAAC 
1 ---------- ---------- ---------- ----------




























110 120 130 140 150 
---------- ---------- ---------- ---------- ----------
CAAGCCAAGT TTCACTTCAC AACTCCTCAA CACAAGAACT AAAGTAGTAG 
---------- ---------- ---------- ---------- ----------
160 170 180 190 200 
---------- ---------- ---------- ---------- ----------
TAGTAGCTTC ACTTCACTCA CAACACAGCA ATGCCCACTG GCTTCTCTCT 
210 220 230 240 250 
;~;;;;;.&;;;; ;;;;;;;~;; ;~;;;;~~~~ 
260 270 280 290 300 ~;;;;~;;~~ 1~•~ TAT GGAAGAAGTG CTGATGACCT CCCTACACCT TAT GGAAGAAGTG CTGATGACCT CCCTACACCT 
310 320 330 340 350 
GACAAGGTGG CACAGTTGGT TCAACTTCAT AAAATCAAAT ATGTCAGGAT 
GACAAGGTGG CACAGTTGGT TCAACTTCAT AAAATCAAAT ATGTCAGGAT 
Fig. 3. Multiple sequence alignment of A W-Glu, BF-Glu, and SGlu 7 









































360 370 380 390 400 
TTATGATTCT AATATACAGG TTCTGAAGGC CTTTGCAAAC ACTGGAATTG 
TTATGATTCT AATATACAGG TTCTGAAGGC CTTTGCAAAC ACTGGAATTG 
410 420 430 440 450 
GCTTATGAT TGGGGTTCCA AATTCGGACT TGCTTTCATT CTCTCAGTTC 
GCTTATGAT TGGGGTTCCA AATTCGGACT TGCTTTCATT CTCTCAGTTC 
460 470 480 490 500 
CAATCTAATG CAGACTCTTG GCTGAAAAAC AGCGTGCTTC CTTACTATCC 
CAATCTAATG CAGACTCTTG GCTGAAAAAC AGCGTGCTTC CTTACTATCC 
510 520 530 540 550 
GGCTACAAAG ATCGCATACA TCACTGTCGG CGCCGAAGTC ACTGAGAGTC 
GGCTACAAAG ATCGCATACA TCACTGTCGG CGCCGAAGTC ACTGAGAGTC 
560 570 580 590 600 
CTAACAATGC ATCTTCATTT GTAGTGCCTG CCATGACCAA TGTGCTTAC 
CTAACAATGC ATCTTCATTT GTAGTGCCTG CCATGACCAA TGTGCTTAC 
610 620 630 640 650 
GCACTCAAGA AACTTGGGCT GCACAAAAAG ATTAAAGTTT CCAGCACCC 
GCACTCAAGA AACTTGGGCT GCACAAAAAG ATTAAAGTTT CCAGCACCC 
660 670 680 690 700 
TTCCCTTGGG GTTTTGTCGC GATCCTTCCC GCCTTCTGCT GGGGCTTTC 
TTCCCTTGGG GTTTTGTCGC GATCCTTCCC GCCTTCTGCT GGGGCTTTC 
710 720 730 740 750 
TAGCAGCCA TGCACATTTC CTGAAGCCAA TGCTAGAATT TCTTGCTG 
TAGCAGCCA TGCACATTTC CTGAAGCCAA TGCTAGAATT TCTTGCTG 
760 770 780 790 800 
TCAGTCAC CTTTTATGAT TGATATATAT CCTTATTATG CCCACCGTG 
TCAGTCAC CTTTTATGAT TGATATATAT CCTTATTATG CCTACCGTG 
CGTG 
810 820 830 840 850 
TTCCCGGAGT AAAGTGTCTT TAGACTATGC CCTGTTTGAT GCATCCTCTG 
TTCCCGGAGT AAAGTGTCTT TAGACTATGC CCTGTTTGAT GCATCCTCTG 
TTCCCGGAGT AAAGTGTCTT TAGACTATGC CCTGTTTGAT GCATCCTCTG 
860 870 880 890 900 
GTAATTGA TCCAAACACA GGCTTGCTGT ACACAAACAT GTTTGATGCC 
GTAATTGA TCCAAACACA GGCTTGCTGT ACACAAACAT GTTTGATGCC 
GTAATTGA TCCAAACACA GGCTTGCTGT ACACAAACAT GTTTGATGCC 
910 920 930 940 950 
CAGATTGATG CTATTTACTT TGCACTGATG GCCTTGGACT TCAGAACAAT 
CAGATTGATG CTATTTACTT TGCACTGATG GCCTTGAACT TCAGAACAAT 
CAGATTGATG CTATTTACTT TGCACTGATG GCCTTGAACT TCAGAACAAT 
960 970 980 990 1000 ---------- ----~--









































1010 1020 1030 1040 1050 
TGC 
GACTGCTGC AACTCCTGAT AATGCACAAA CATATAATAC TAATCTGAT 
GACTGCTGC AACTCCTGAT AATGCACAAA CATATAATAC TAATCTGAT 
1060 1070 1080 1090 1100 
GGCATGTTA TCAACAACAC TGGTACTCCT GCAAAGCCTG GAGAGGAGCT 
GGCATGTTA TCAACAACAC TGGTACTCCT GCAAAGCCTG GAGAGGAGCT 
1110 1120 1130 1140 1150 
GATGTTTAT ATTTTCTCGT TGTTCAATGA AAATAGGAAG CCTGGTTTGG 
GATGTTTAT ATTTTCTCGT TGTTCAATGA AAATAGGAAG CCTGGTTTGG 
1160 1170 1180 1190 1200 
TCTGAGAG GAACTGGGGA TTATTTTATC CCGACCAGAC AAGTGTTTAT 
TCTGAGAG AAACTGGGGA TTATTTTATC CCGACCAGAC AAGTGTTTAT 
1210 1220 1230 1240 1250 
---------- ----- --------- ---------- ----------··-· -··-1260 1270 1280 1290 1300 
TATAACCAAG TCAAATGGAA CCACATGGTG CATTGCTTCG AGTAAGGCCT 
TATAACCAAG TCAAATGGAA CCACATGGTG CATTGCTTCG AGTAAGGCCT 
1310 1320 1330 1340 1350 
CACAAATTGA CTTGCAGAAT GCCATAGATT GGGCCTGTGG TCCTGGCAAC 
CACAAATTGA CTTGCAGAAT GCCATAGATT GGGCCTGTGG TCCTGGCAAC 
1360 1370 1380 1390 1400 
GTGGACTGTA CAGCTATCCA GCCTAGCCAG CCTTGTTTTG AGCCAGAT 
GTGGACTGTA CAGCTATCCA GCCTAGCCAG CCTTGTTTTG AGCCAGAT 
1410 1420 1430 1440 1450 
CCTAGCTTCA CATGCATCTT TTGCGTTTAA TAGCTATTAC CAGCAAAATG 
CCTAGCTTCA CATGCATCTT TTGCGTTTAA TAGCTATTAC CAGCAAAATG 
1460 1470 1480 1490 1500 
GGGCTTCTGA TGTTGCGTGC AGTTTTGGAG GAACAGGTGT AAAAGTTGAT 
GGGCTTCTGA TGTTGCGTGC AGTTTTGGAG GAACAGGTGT AAAAGTTGAT 
1510 1520 1530 1540 1550 
GGATCCAA GCTATGACAA GTGCATCTAC ATGAGAGCTG GAAGTAAT 
GGATCCAA GCTATGACAA GTGCATCTAC ATGAGAGCTG GAAGTAAT 
1560 1570 1580 1590 1600 
C G 
CTGTGACA AGCAATACAA CAGCAATGTC CACTTCATCC TCTTCACTG 
CTGTGACA AGCAATACAA CAGCAATGTC CACTTCATCC TCTTCACTG 
1610 1620 1630 1640 1650 
T T CG 
TGGAAATTC TTCGTCAATT TTTACTTTTC TTCTTGTAAC TTGTCTCTTT 
TGGAAATTC TTCGTCAATT TTTACTTTTC TTCTTGTAAC TTGTCTCTTT 























1660 1670 1680 1690 1700 
GCTCTAATGC ATATTCAACG ATACTGACAA GATTGATTGT TGAAATTGC 
GCTCTAATGC ATATTCAACG ATACTGACAA GATTGATTGT TGAAATTGC 
1710 1720 1730 1740 1750 
GCATGATTTT GCTTTGTTGA CAAGTATGCT GCGTTTGAAA TG~ 
GCATGATTTT GCTTTGTTGA CAAGTATGCT GCGTTTGAAA TG 
IAAAAAI 
ITGGGGI illi illi 
1760 1770 1780 1790 1800 
---------- ---------- ---------- ---------- ----------t:~~ AA~ctffl A-----tffl- ---------- ~~ti GGT~~T ~T TT~GTG GCTTTC~TIT GCTCTATGCT TGC~Tc~~ illi illiilli illi illi illi illi illi illi illi illi illi illi 
1810 1820 1830 1840 1850 
---------- ---------- ---------- ---------- ----------
~mm ---------- ~;;tt~ I;;~;;;;; ----------GTGT- CTCCGTTGCT TCCACTGCAT illiilliilli illiilliilli illi illi illiilli illiilli 
1860 1870 1880 1890 1900 
---------- ---------- ---------- ---------- ----------
;ttcl: t-=ttti -~;~;~;~~; ---------- ;~;~;~I: ACTAGTTTTG illi illi illiilli illi illi illiilliilli illi 
1910 1920 1930 1940 1950 
---------- ---------- ---------- ---------- ----------
At•· 
iii - illiilli 
lt~~-~GGGC c~Gc~TGC ~TAATT illiilli iii iii illiilliilli iii 1;.-CCICTC UGICC CTT TCA C ~TA~ TT 
1960 1970 1980 1990 2000 
---------- ---------- ---------- ----------tGC--T·C 
illiTTTAAC ~T 
ITICICIGC .GICGTC ITIGTC---- ----- ..... clT T TG c l~ AAAAA ..... 












//""' __ Not 1(2017) 
Hin d 111(2036) 
awT7 d primer 
Pvu 11(2184) 
Fig. 4. Plasmid pA W containing soybean P• l,3•glucanase gene A W-Glu 




























#N . tabacum-III 
#N.tabacum-I 
#AW-Glu 
#N . tabacum-V 
#N . t abacum-II 
#N . tabacurn.-IV 
#G. max-III 
#N . tabacum-III 
#M . tabacum-I 
#AW-Glu 
#N . tabacum-V 
#N. tabacum-II 
#N . tabacum-IV 
#G. max-III 




#N. tabacum-I I 
#N. tabacum-IV 
#G . max-III 
#N . taba.cum-II I 
#N.tabacum-I 
#AW-Glu 
#N . tabacum-V 
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Fig. 5. Alignment of amino acid sequences 
. : ·* 
** **:: 
A:· QDQ:IfR~ 
-: Q ~~WE 
;":· .·'. ·N ~$ 
: ,I 
,1-_ 
of A W-Glu, a soybean class Ill callase, and classes I to V tobacco callases 
Dotted regions indicate gaps in sequences introduced to maximize alignment. Identical residues are marked by 
asterisks. GenBank accession numbers for these proteins are: soybean class III, AAB0350 I; for tobacco class I, 
































#N . tabacum-IV 
#G . max-III 
#N . tabacum-III 
#N . tabacum-I 
#ATJ-Glu 
#N . taba.cum-V 
#N. tabacum.-II 
#N . tabacum-IV 




#N . tabacum-V 
#N . tabacum-II 
#N . tabacurl'l-IV 
#G.max-III 
#N. tabacum-III 
#N . tabacum-I 
#AW-Glu 
#N . tabacun-1.-V 
#N . tabacur,L-II 
#N. tabacum-IV 
#G . max-III 
#N . taba.cum-III 
#N.tabacum-I 
#ATJ-Glu 
#N . tabacum-V 
#N . tabacum-II 
#N. tabacum-IV 
#G . max-III 
#N . tabacum-II I 
#N . tabacun\- I 
#ATJ-Glu 

















#N . t abacum-II 
#N.tabacum-IV 





#N . t abacum-II 





#N . tabacum-V 
#N. tabacum-II 
#N . tabacum-IV 






Fig. 5. ( continued) 
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_I?_J.---------- G.max-Classlll 
~...__ ________ N.tabacum-Classlll -
----------------- N.tabacum-Classl 
1...----- N. tabacum"Classll -----------100 I.___ ___ M.1abacum-ClasslV 
1-----------------.A.W-Glu ----99I ________________ N.tabacum-ClassV 
0.1 
Fig. 6. Phylogenetic analysis of two soybean and five tobacco callases (Bootstrap values are shown) 
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TA-29 Promoter Mc s Tvsp terrrinator 
------~-----J):: .. =====~===:=/ ===========-







Fig. 7b. T-DNA region showing TA-29 and Tvsp cassette inserted into binary vector pTFlOl.1 
Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter; TEV, tobacco etch virus translational enhancer; Tvsp, soybean vegetative 
storage protein terminator; MCS, multiple cloning sites. 
LB 
Fig. 7c. T-DNA region showing glucanase gene inserted in between TA-29 and Tvsp 
Abbreviations as in Fig. 7b. Glucanase gene could be PR;Glu, AW""Glu, or SGlu7 in sense or anti;sense 
orientation. 
Pvu 11(3699) 
Sac 1(3575) \ 
Not 1(3554) 
Sma 1(353~ ~ 






Eco RV(2248) / j 




pBluescript II KS 
Pvu 11(1986) 
Fig. 8. Plasmid pEG488 containing soybean pathogenesis-related J3-l,3-glucanase gene PR-Glu 
Abbreviations: T7 P, T7 promoter~ T3 P, T3 promoter. Single-cut restriction enzymes are in bold. Numbers in 















Fig. 9. Plasmid pJW44 containing soybean flower specific partial '3-1,3-glucanase gene SGlu7 
Abbreviations: T7 P, T7 promoter; SP6 P, SP6 promoter. Single-cut restriction enzymes are in bold. Numbers in 
parentheses denote position of enzyme cut. 






4485 bp ) 
Hind 111(50) 
OT-A 
Hind Ill (1350-1400?) 
. ,,,-/' 
NOS terminator 
--Sma 1(1572) Kpn 1(1578) 
Sma 1(1600) 
T7P 
\ Not 1(1623) 
Sac 1(1644) 
Pvu 11(1768) 
Fig. 10. Plasmid pEVDTK containing tobacco tapetum specific promoter TA-29 
Abbreviations: T7 P, T7 promoter; T3 P, T3 promoter; DT-A, Diphtheria toxin A-chain. Single-cut restriction 
enzymes are in bold. Numbers in parentheses denote position of enzyme cut. Hind III ( 13 50-1400?) indicates the 
approximate location of this enzyme. 
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Hind 111(1) 
Pvu 11(3621) P35S 












Fig. 11. Plasmid pIBT210.ls containing soybean vegetative storage protein terminator Tvsp 
Abbreviations: P35S, CaMV 35S promoter; TEV enhancer, tobacco etch virus translational enhancer. Single-cut 
restriction enzymes are in bold. Numbers in parentheses denote position of enzyme cut. 
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Fig. 12. Binary vector pTFl0l.1 containing selectable marker bar and T-DNA borders 
Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter~ TEV enhancer, tobacco etch virus translational enhancer; Tvsp, soybean 
vegetative storage protein terminator. Single-cut restriction enzymes are in bold. Numbers in parentheses denote 















Fig. 13. Plasmid pLYlOO containing TA-29 promoter and Tvsp terminator 
Single-cut restriction enzymes are in bold. Numbers in parentheses denote position of enzyme cut. 
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Fig. 14. Plasmid pLYl00.1 containing TA-29 promoter and Tvsp terminator without Nco I site 
Single-cut restriction enzymes are in bold. Numbers in parentheses denote position of enzyme cut 
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Fig. 15. Binary vector pLY200 containing TA-29 promoter and Tvsp terminator 
Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter; TEV enhancer, tobacco etch virus translational enhancer; Tvsp, soybean 
vegetative storage protein terminator. Single-cut restriction enzymes are in bold. Numbers in parentheses denote 
position of enzyme cut. 
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Fig. 16. Binary vector pLY200.l containing TA-29 promoter and Tvsp terminator without Nco I site 
Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter; TEV enhancer, tobacco etch virus translational enhancer; Tvsp, soybean 
vegetative storage protein terminator. Single-cut restriction enzymes are in bold. Numbers in parentheses denote 
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containing TA-29 promoter, PR-Glu in anti-sense direction and Tvsp terminator 
Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter; TEV enhancer, tobacco etch virus translational enhancer; Tvsp, soybean 
vegetative storage protein terminator. Single .. cut restriction enzymes are in bold. Numbers in parentheses denote 
position of enzyme cut. 
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Fig. 18. Binary vector pL Y 400 containing TA-29 promoter, SGlu 7 in anti-sense and Tvsp terminator 
Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter; TEV enhancer, tobacco etch virus translational enhancer; Tvsp, soybean 
vegetative storage protein terminator. Single-cut restriction enzymes are in bold. Numbers in parentheses denote 
position of enzyme cut. 
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Fig. 19. Binary vector pL Y 450 containing 





Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter; TEV enhancer, tobacco etch virus translational enhancer; Tvsp, soybean 
vegetative storage protein terminator. Single~cut restriction enzymes are in bold. Numbers in parentheses denote 
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LB 
Fig. 20. Binary vector pL Y500 containing TA-29 promoter, A W-Glu and Tvsp terminator 
Abbreviations: LB, T-DNA left border; RB, T-DNA right border; bar, phosphinothricin acetyltransferase gene; 
2XP35S, double CaMV 35S promoter; TEV enhancer, tobacco etch virus translational enhancer; Tvsp, soybean 
vegetative storage protein terminator. Single-cut restriction enzymes are in bold. Numbers in parentheses denote 
position of enzyme cut. 
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Fig. 21. Tobacco WT showing stigma is lower than anther and anther has many pollen grains 
Fig. 22. Transgenic tobacco LY500-9AB showing 
stigma is taller than anther and anther has few pollen grains 
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" " 
Fig. 23. Tobacco WT showing stigma is lower than anther and anther has many pollen grains 
Fig. 24. Transgenic tobacco LY500-9AB 
showing stigma is taller than anther and anther has few pollen grains 
Fig. 25. Transgenic tobacco LY500-9N showing stigma is about the same height as anther 
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LY500-9N WT LY500-9AB 
Fig. 26. Transgenic tobacco LY500-9N, WT and transgenic tobacco LY500-9AB showing the relative 





Fig. 27. Southern blot of putative transgenic tobacco plants and non-transgenic control 
Abbreviations: lXCK, positive control (non-transgenic tobacco DNA spiked with 20 pg of pL Y500 plasmid 
DNA digested with EcoR I); -CK, negative control (non-transgenic tobacco DNA digested with EcoR I). The 
rest of the samples are from Ro putative transgenic plants. DNA marker positions are approximate. 
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